Abstract
Introduction
Parental maltreatment is a well-documented phenomenon with potentially serious and long lasting consequences at physical, psychological, cognitive and/or academic levels [1] [2] [3] [4] [5] . Although a link between maltreatment and the presence of neurodevelopmental anomalies is strongly suggested, very few exhaustive neuropsychological studies have been carried out with maltreated children [6] [7] [8] [9] [10] [11] . With neglected children, neuropsychological evidence-based data are even rarer [12, 13] . Given that neglect represents the most frequent type of maltreatment, and that very few neuropsychological data exist for these cases, the aim of this study was to identify cognitive profiles in neglected children using a large range of standardized neuropsychological tests [14] . This might help suggesting more targeted cognitive interventions, in line with the specific profile of a given child.
A variety of profiles. Although few studies concerned with neglected children include complete and valid neuropsychological evaluations, some investigative clues are available. First, the heterogeneity of cognitive profiles associated with childhood maltreatment should also characterize neglected children. For instance, children victims of both neglect and another type of maltreatment (e.g., physical abuse) should present a relatively poorer cognitive profile [13] . Second, some neglected children might be considered resilient and present a picture without any significant cognitive disorders [19] . Indeed, some maltreated children possess comparable cognitive capacities, if not superior, to normative data or controls [11, 13, 33] .Third, cognitive profiles traditionally associated with certain mental or developmental disorders can also be observed because of their high prevalence in maltreated children (e.g. Post-Traumatic Stress Disorder, PTSD; Attention Deficit Hyperactive Disorder, ADHD; Intellectual Disability; Behavioral and Aggressivity Disorder; [15, 18, [34] [35] [36] ). For example, Beers & De Bellis [15] reported reported significant deficits in vigilance, cognitive inhibition, verbal fluency and executive functions in 14 maltreated children affected by PTSD compared to 15 non-maltreated children of similar socio-demographic level [12] . This picture reflects neuropsychological profiles traditionally associated with PTSD (i.e. concentration, attention and memory disorders) [37] . Neuropsychological disorders associated with ADHD (e.g. Barkley, 1997; Pennington, 2005; Nigg, 2005 ; Sonuga-Barke, 2005) could also emerge in profiles linked to maltreatment. Deficits in memory are noted in maltreated children too [42] [43] . Thus, maltreatment does not affect cognitive development in a specific way, and the quest for a unique or characteristic neuropsychological profile of maltreated children has been unsuccessful so far. Defining the number and nature of neuropsychological profiles associated with neglect would help to better describe the cognitive deficits, to stress their heterogeneity to underline their possible co-occurrence, and to offer treatment plan better suited to the needs of a given individual.
Neglect and cognition
Four hypotheses were stated a priori: (1) Due to the high number of factors involved in the link between neglect and cognitive development, neglect should be associated with several neuropsychological profiles of varied severity; (2) For the same reasons, it is expected that neglected children with and without physical abuse will be found in each of the profiles; (3) However, due to the possible cumulative effect of maltreatment types, a greater number of child victims of neglect and physical abuse should be described by highest affected profile; (4) Finally, a subgroup of resilient children at the cognitive level should present a profile without significant disorders, which should include a larger number of neglected children only.
Method
One hundred and ninety-three neglected children between 6 and 12 years old were recruited for the present study. All were French-speaking, living in the province of Quebec, and followed by Child Protection Services (CPS) for parental neglect. The research was explained to a parent by CPS caseworkers, and signed consent forms were obtained (this project was approved by the ethical Committee of the Université du Québec à Trois-Rivières). Children with mental deficiencies (n=22), congenital or acquired neurological illness (n=8), and/or suffering from sexual abuse (n=24) were excluded. Therefore, the final sample of participants consisted of 143 children (74 boys and 69 girls, 6-12 y.o.; 9 ± 2 on average).
Participants

Instruments
Types of neglect: The type of neglect was determined from the classification recorded in the CPS files, as well as a thorough analysis Nolin and Éthier [13] observed that by using a complete battery of validated neuropsychological tests and controlling for different socio-demographic factors (age, sex, neighborhood, school, education and family revenue), the difference between neglected and non-neglected children reflect basic dysfunctions: manual dexterity, visual-motor skills and attention. By contrast, neglect with physical abuse was associated with much greater deficits than neglect alone, including higher executive dysfunctions (planning, problem solving and abstraction). Thus, the accumulated effects of maltreatment types, well documented at the psychopathological level should also involve cognitive development [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] .
of data collected through questionnaires completed by the parents who gave information about the presence of physical abuse. Given that comorbidity between different types of maltreatment commonly occurs, additional questionnaires concerning other types of abuse were included (see below). Children were considered neglected with physical abuse when they were determined by the CPS to have experienced physical abuse or if any information on questionnaires revealed they have been physically abused in addition to neglect. When the CPS determined children to be neglected without any sign of abuse based on an analysis of the information gathered, they were assigned to be neglected only. An undergraduate research assistant verbally assessed these questionnaires to parents:
Socio-economic status: The Hollingshead Social Status Index was used to measure socio-economic status. Both parents' education and profession were taken into account in order to attribute a classification corresponding to their social status [48] . An average of the classification attributed to each parent was calculated. When average was less than 47, the socio-economic status was considered elevated.
Neuropsychological evaluation: All children completed a composite battery of ten neuropsychology tests selected for research purposes (i.e., data were not obtained from clinical files).
1. The Knock and Tap subtest of the NEPSY [49] assesses the ability to inhibit acquired manual motor responses and to resist natural tendency to imitate (motor inhibition). This subtest is scored for accuracy [49] . Raw scores were converted to age-scored percentile ranks (M=26-75).
2. The Statue subtest from the NEPSY [49] . This test measures resistance to distractors, motor perseverance and impulse inhibition (self-regulation). This executive measure requires the child to remain motionless, despite the presence of several distractors. This subtest is scored for fidelity. Raw scores were converted to age-scored percentile ranks (M=26-75).
3. The Comprehension of Instructions subtest of the NEPSY assesses receptive language and the ability to process and respond to verbal instructions of increasing syntactic complexity (receptive language) [49] . This subtest is scored for fidelity. Raw scores were converted to age-scored standard scores. The scale is from 1 to 20 (M=10, SD=3).
1) Information concerning the child's environment. This homemade questionnaire covers a set of areas related to the child's initial development (mother's health, substance abuse, childbirth, child's health, life events, etc.).
2) Parents-Child Conflict Tactics Scales (PCCTS) French version [29] . This instrument specifies the type of disciplinary behaviour preferred by the parent for the child [non-violent discipline, psychological aggression, physical violence (corporal punishment) and serious or extreme violence] and measures how disagreements and disputes are solved within the family.
3) Child Abuse Potential Inventory (CAPI) [45] [46] French translation by Palacio-Quintin [47] . The instrument consists of 160 questions for the parent, generating seven clinical subscales: potential of global abuse, distress, rigidity and sadness, problems with children, family and others. Responses provide a score of the parent's abuse potential (scaled scores could be between 0 and 486; a score of 166 or higher is considered significant).
4. The Verbal Fluency subtest, also from the NEPSY measures the child's ability to produce words with semantic or phonemic categories (verbal fluency) [49] . This is therefore a measure which evaluates several language spheres, including vocabulary, lexical access, using recuperation strategies, and verbal working memory. This subtest is scored for accuracy. Raw scores were converted to age-scored standard scores. The scale is from 1 to 20 (M=10, SD=3).
5. The Dot Location subtest of the Children Memory Scale requires visual memory. This test is scored for accuracy [50] . Raw scores were converted to age-scored standard scores. The scale is from 1 to 20 (M=10, SD=3). This subtest has good psychometric properties for its validity and fidelity [50] .
6. The French version of the California Verbal Learning Test for Children (CVLT-C,) [52] : a verbal memory measure requires the child to memorize words . The results used for the study correspond to the total number of words remembered in attempts. French Canadian norms were used . This test possesses good validity and fidelity properties .
7. The Tower of the NEPSY assesses the ability to plan, control and self-regulation (planning). This subtest is scored for accuracy. Raw scores were converted to age-scored standard scores. The scale is from 1 to 20 (M=10, SD=3) .
8. The Arithmetic Subtest from WISC-III assesses the child's ability to solve mathematical problems of increasing difficulty (problem solving). The test calls for mental calculation and working memory. This subtest is scored for speed and accuracy. Raw scores were converted to age-corrected standard scores (M=10, SD=3) .
9. The Similarities Subtest from WISC-III requires the child to find certain common characteristics between two concepts (abstraction). This calls for abstract thought [53] . This subtest is scored for accuracy. Raw scores were converted to age-corrected standard scores (M=10, SD=3).
10. The Auditory Attention and Response Set task (NEPSY), assesses several generally associated executive functions: sustained attention, shared attention, cognitive flexibility and working memory [49] . The primary aim of this test is to measure the integrity of complex executive functions in children, that is, to learn a pattern of complex responses, modify the acquired behaviour, maintain and adapt it to new requirements. The child must therefore change a learned response pattern, which requires good inhibition and flexibility abilities, in addition to remembering new instructions (working memory) and ignoring the old. This subtest is scored for speed and accuracy. Raw scores were converted to age-scored standard scores. The scale is from 1 to 20 (M=10, SD=3). For all NEPSY tasks, psychometric properties in terms of validity and fidelity are available in [54] .
Procedure: The evaluation took place at the school of the child, in a closed room, individually with the evaluator. Two hours were necessary to complete the evaluation (including two short breaks), and the test order was counter-balanced to control for any fatigue factor. Children of 10 years or older signed a consent form (in addition to the parent), whereas those under 10 gave verbal consent, as recommended by the ethical committee. Testing was conducted by undergraduate students who had received 10 hours of training dealing with administrative procedures. All had received an instruction manual and a supervisor was on hand. Participants were distributed randomly among the students by the research professional in charge of the project. Tests were corrected by a graduate student and attested by a second graduate student prior to entering the data on SPSS.
Data Analysis: Descriptive analyses were initially carried out to describe the sample. To classify data according to relationships, a cluster analysis was conducted. This is a group of multivariate techniques whose primary purpose is to assemble objects based on characteristics they possess. It is the only multivariate technique that does not estimate the variance empirically but uses it as specified by the researcher [55] . This technique has the advantage to generate clusters that are not influenced by preconceived notions with regard to defining characteristics. Ward's method, a hierarchical agglomerative approach which minimises withincluster variance at each stage of grouping, was used for this study [56] . It is considered one of the most effective clustering algorithms for recovering underlying structure [57] [58] [59] . Ward's method has performed well in terms of replicability, and it is considered to be resistant to the effects of outliers compared with other agglomerative clustering techniques [55, [60] [61] [62] . Squared Euclidean Distance was chosen as the measure of similarity to obtain subgroups' homogeneity [63] . It is known to be sensitive to both profile level and patterns, whereas alternative methods such as correlations coefficients are insensitive to level of performances differences [57, [64] [65] [66] ). In line with previous studies, certain criteria were established to determine the optimal solution. First, intra and inter group variabilities were considered to choose the solution with both a minimal intra group variants and maximal extra group variants. The solution also had to be interpretable from clinical and theoretical points of views [54] . Finally, each group had to represent at least 5% of the total sample (n ≥ 7) [67] .
Between-group mean comparisons and Chi-squared tests were also conducted to verify whether descriptive variables [sex (male/ female), intellectual functioning, type of neglect (with/without physical abuse) and socio-economic status] contributed significantly to the classification of participants to a particular profile.
Results
Socio-demographic data: From our sample of 143 children, 94 suffered from neglect with physical abuse, and 49 experienced neglect only. All participants came from weak socio-economic environments, as calculated by the Hollingshead Index (M=65.7 ± 9.3) and the potential of abuse was clinically significant.
Profile description:
Grouping analyses were based on neuropsychological results. Total scores of neuropsychological tests were transformed into z scores to facilitate comparison. Four solutions, consisting of three to six subgroups were generated and the best solution was that of five subgroups. A reliability check was conducted using the complete linkage procedure and the same results were obtained.
The five profiles are presented and described hereafter Profile 1 (n=7; 5 males and 2 females) is characterized by a relative weakness in almost all of the cognitive tests, including measures of motor inhibition (Knock and Tap), resistance to distractors (Statue), receptive language (Comprehension of Instructions, verbal fluency (Verbal Fluency), visual memory (Dot Location), verbal memory (CVLT-C), planning (Tower), problem solving (Arithmetic), abstraction (Similarities) and integrative executive functions (Auditory Attention and Response Set). Based on the generalized disorders, this profile was named "extended deficits". Profile 2 (n=20; 15 males, 5 females) refers to children with weaker scores of motor inhibition, verbal memory, problem solving, abstraction and integrative executive functions. These children are able to resist to distractors, as they had good results on the Statue task. Due to the prominent picture of executive dysfunctions, this profile was named "dysexecutive". Profile 3 (n=18; 10 males, 5 females) describes good abilities in motor inhibition (Knock and Tap), but deficits in resistance to distractors (Statue) and verbal memory. In these cases, a posteriori analyses were conducted to verify whether these children differed from the other profiles in the number of false positives or false negatives in the recognition mode (CVLT-C). In fact, this profile gave significantly more false positives in recognition mode than profiles 1 and 4, which is generally associated with difficulty to distinguish words among distractors (sensitivity to interference [65] ). Given that resistance to external distractors is weak within this profile, it is called "vulnerable concentration". Profile 4 (n=55; 25 males, 30 females) only presents a relative weakness the lexical access and vocabulary (Verbal Fluency), and verbal memory (CVLT-C). Therefore, this profile was labelled "verbal weakness". Finally, Profile 5 (n=43; 19 males, 24 females) presented no significant cognitive deficit, all results being within the limits of standard averages. Thus, the profile was named "without difficulty". Variance analyses and non-parametric tests: No significant difference emerged between the groups for the type of neglect (with or without physical abuse), mean IQ, and Hollingshead Index (Table 1 ). Significant differences emerged for age (mean age for "dysexecutive" cluster was higher than that of "vulnerable concentration" and "verbal weakness" clusters; mean age of "verbal weakness" was lower than that of "without difficulty" cluster), and sex (boy/girl ratio was significantly higher for boys in the "dysexecutive" cluster and higher for girls in the "verbal weakness" and "without difficulty" clusters).
The main objective of this study was to evaluate neglected children with a battery of validated neuropsychological tests to identify their cognitive profiles. As expected, neglected children presented heterogeneous neuropsychological profiles. Five profiles of varied severity emerged, which were situated on a continuum from generalized cognitive deficits to no significant cognitive impairment. The second objective was to verify whether neglect with physical abuse was associated with a higher number and more serious neuropsychological deficits than neglect alone. This hypothesis was not confirmed. The results are discussed below.
Profile 1, called "extended deficits", describes children who present the widest range of deficits. As expected, this profile represents the smallest subgroup (n=7 or 5% of the sample) but, contrary to the hypothesis, it does not statistically contain more neglected children with physical abuse (n=5) than those without physical abuse (n=2). This does not actually mean that both subgroups are necessarily equivalent. First, this profile deals with a very small number of children, and the absence of difference may be due to a lack of statistical strength. A harmful added effect seems therefore plausible among the different types of maltreatment for cognitive development, just as it was observed for other forms of development (physical, psychological or social ) [29] . Future studies with a larger number of maltreated children will allow confirmation of the cumulative effect at the cognitive level.
Discussion
Five neuropsychological profiles linked to neglect Profile 2 ("dysexecutive") describes more pronounced deficits at the executive functions level. Verbal memory is also affected, perhaps due to executive disorders [38] . It should be noted that this type of clinical picture associated with executive function deficits is generally linked to ADHD with a particularly high incidence among neglected children [36, [69] [70] [71] [72] . Moreover, this profile involves a majority of boys (15/20 or 75%), which is also the case for ADHD (about 3 boys for every girl) [38] . Although the present data do not allow determining whether this subgroup was actually affected by ADHD, their profiles could be similar. These results also remind those of Beers & De Bellis, who reported that maltreated children and adolescents with PTSD showed deficits in executive functions level, including attention functions and abstract thinking. It seems therefore that the neuropsychological pictures associated with ADHD or PTSD could describe certain neglected children [15] . Future studies should confirm this link between neglect, executive dysfunctions and psychopathologies.
Moreover, a widely-accepted neuropsychological hypothesis in the field of ADHD stipulates that executive function deficits of ADHD children of hyperactive or mixed types can be largely explained by their fundamental disorders of motor inhibition [33] ). Since motor impulsiveness (also aggressivity; e.g. may be present in neglected children, it would be interesting to recruit a large enough number of subjects to carry out regression analyses to identify more precisely the influence of impulsiveness on other executive functions.
Profile 3 ("vulnerable concentration") is characterized by more specific deficits: difficulties at resisting external distractors, weak word recall during memory task (CVLT), and a high number of false positives in recognition, closely linked to ADHD. Contrary to Profile 2 ("dysexecutive"), children of this profile ("vulnerable concentration") show good capacity for motor inhibition as measured by the Knock & Tap test, as well as aptitudes kept for other executive functions (i.e. flexibility, reasoning and abstraction). It would be possible, therefore, that Profiles 2 and 3 describe different subgroups of neglected children meeting the diagnostic criteria of ADHD. One could speculate that Profile 2 describes a ADHD-M (mixed) or ADHD (hyperactive) subgroup, while Profile 3 would be concerned more with an ADHD (inattention) subgroup since similar differences of a neuropsychological picture can be found in these subgroups of ADHD children without a history of neglect (see [39] for a brief presentation of the data and [73] for the neuropsychological validity of these subgroups with the NEPSY battery).
Profile 4 ("verbal weakness") is based on significantly poorer results in verbal fluency and verbal memory, which depends on vocabulary, lexical access, learning, the use of efficient strategies of recall and verbal working memory. These data are coherent with previous studies which revealed the incidence of language difficulties in neglected children. Broomand [74] had also identified a deficit at the verbal fluency level in a sample of physically abused children [75] . Expressive language disorders as well as disorders in more than one language sphere have also been documented in other studies [23, 76, 77] .
Profile 5 ("without difficulty") did not show any apparent deficit in tests. Thus, in line with the fourth hypothesis, some neglected children do not present any significant cognitive deficits. These results could be explained by a capacity for resilience that some maltreated children possess, which has often been demonstrated at the psychosocial and psychiatric levels [1, 2, 19, 72] . Interestingly, the fourth hypothesis is not totally confirmed, since a statistically equal number of neglected children with physical abuse (24) and neglected only children (19) were considered "resilient" at the cognitive level here. This surprising result well reflects the great heterogeneity of neglected children's cognitive profiles, as well as a large number of factors involved in the link between neglect and cognitive development. In fact, about 25% of neglected and physically-abused children in the present study do not show significant neuropsychological disorder. It is therefore possible and relatively probable to encounter in the clinic a neglected and abused child but well performing at the cognitive level.
These results justify the importance of conducting research which deals with predictive factors of resilience much as with deficits and risk factors linked to neglect [20] . Identification of factors predicting resilience could contribute to directing preventive interventions to be prescribed for this population.
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Overall, results of the present study support the idea of individual heterogeneity linked to neglect. Results also demonstrate that the nature of the harm as a stress indicator is not the sole predictor of the cognitive profile. These results nonetheless support previous work from authors who suggested a link between severe stress and the changes in cerebral structures and functions in children victims of physical or sexual abuse [2, 6, 15, [78] [79] [80] [81] . Shore [81] proposed links between maltreatment, lack of care, severe attachment defects, and early neurodevelopmental anomalies of the right hemisphere systems in the face of stress. Relational trauma experienced by neglected children would, through modifications of the right hemisphere's functioning, underlie certain cognitive deficits found in this population, especially at the self-regulation level.
The present research, through its approach using clusters analysis, differs from previous studies by demonstrating that not all neglected children have cognitive deficits. Results support the idea that multiple risk factors other than neglect co-exist and can compromise cognitive development, but also support the opposite idea, that protection factors can intervene and prevent the harmful effects of neglect. Longitudinal studies of cohorts will allow further documentation of characteristics of these children who, despite the presence of adversity, develop positively. The link between neglect and resilience should therefore be further investigated, in order to help guide interventions in a more specific manner, in accordance with needs identified for each child. Results of the study justify the development of distinct clinical approaches, both at the theoretical level as well as by direct intervention.
Limits of the study Insofar as the factors linked to maltreatment, the present study does not include a variable allowing the documentation of maltreatment chronicity in time. It would have been interesting to see how chronicity linked to maltreatment may be an indicator of the subsequent severity of the profiles. Moreover, a direct indicator of stress level (e.g. cortisol level) would have been a relevant variable in the research and would have allowed a more thorough study of the links between chronicity, stress and later impact on the severity of cognitive profiles. Concerning the profiles, the "extended deficits" subgroup consists of only seven subjects, which reduces the range of the results. It would also be interesting to carry out more studies with a larger number of subjects using clusters analysis, in order to verify if results can be stacked. These studies could include other neuropsychological measures so as to cover a larger range of cognitive functions. Finally, the sample of resilient children deserves particular attention which should be studied more in-depth by future research.
It is equally interesting to draw a parallel between Profiles 2 and 3 of the present study and the theory on maltreated children's personality disorders by Cicchetti and collaborators [30] . These authors describe the different developmental trajectories of maltreated children based on two main axes: level of Ego control and Ego resiliency. A high level of Ego control is observed when the child is able to handle his impulsions and accept a delayed reward. A high level of Ego resiliency refers to a good capacity of affect and behavioural regulation as well as flexible use of problem-solving strategies. Inhibition, resistance to distractors, flexibility and problem solving represent executive functions in neuropsychology and are all more or less affected within Profiles 2 and 3. This theoretical framework [30] could therefore be used in the future with the help of a battery of exclusively executive neuropsychological tests. Moreover, this would allow establishing strengths and weaknesses related to each executive function and their influence on the others, in order to help establish treatment and intervention plans better adapted to children of Profiles 2 or 3.
